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(57) Abstract: The invention relates to a precipitation 
detector (I) and method for measurement of precipitation 
parameters. The detector (1) comprises a frame (5), 
a surface (2) mounted on the frame (S) and adapted 
to receive hydrometeors, and detection means (3) for 
converting the impact impulses of hydrometeors into an 
electric signal. According to the invention, the surface 
(2) receiving the impact of the hydrometeors is convex, 
stiff and rigidly connected to the detector fi-ame (4) with 
the detection means (3) being permanently connected to 
the surface (2) receiving the impact of the hydrometeors. 
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Precipitation/hail sensor and method for precipitation rate measurement 

The invention relates to a precipitation/hail detector according to the preamble of 
5 claim 1. 

The invention also relates to a method for precipitation rate measurement. 
Rain detectors conventionally used in the art can be categorized in two groups: 

10 

1) Collector-type rain gauges in which rainwater is collected into a collection 
vessel and the amount of water accumulated therein is measured by weighing the 
mass of the collected rainwater or by detecting the level of collected rainwater. 

15 2) Precipitation rate type detectors comprising a funnel-like collector with a 

small«>volume vessel placed thereunder. The vessel is arranged to empty itself 
automatically when a predetermined amoimt of wat^ is accumulated therein (the 
simplest implementation being a tipping-bucket mechanism). The detector 
delivers a count pulse every time the bucket empties itself, whereby one pulse is 

20 calibrated to represent a predetermined amount of rain, e.g., 0.1 mm. 

These types of precipitation rate rain detectors are hampered by the following 
problems: 

25 - The emptying of the collection vessel causes additional manwork (in manual 

emptying) or dead time in the measurement cycle (in automatic emptying). 

- The collection vessel or funnel also easily catches dirt requiring scheduled 
cleaning of the vessel or funnel. 

- Adheroice of rainwater on the rims of the collection vessel and/or evsporation 
30 of ramwater from the collecting vessel cause significant measurement errors. 

- Moving parts of the rain detector may jam due to soiling or, e.g., insects 
entering the detector stractures. 
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Whilst Operating on a different principle^ a piece of equipment called flie distiometer 
may also be used for measuring precipitation rate, DistrometOT is a device c£q;>able of 
measuring the droplet size distribution in precipitation. This kind of mechanical 
5 distrometer (so-called Joss-Waldvogel rainfall distrometer) includes a conical 

detector plate that is springedly svqpported on the device frame so that droplets falling 
thereon can deflect the plate from its equilibrium positiorL The movement of the 
detector plate is measured inductively by a sensor coil. Voltage pulses gen^ted in 
the sensor coil due to the raindrop impacts are registered and, on the basis of pulse 

10 magnitude and empirical calibmtion coefficients, the masses and size distribution of 
individual droplets are computed The raindrop distribution function may further be 
analyzed to conq>ute the intensity and accumulative total amoimt of precipitation. 
Due to its expensive and complicated construction a distrometer is not generally used 
as all-round rain detector, but rather, only in meteorological research for measuring 

1 5 the size distribution of raindrops. The conq>lex structure of the system is chiefly due 
to the springed mounting of the conical detector plate to the distrometer frame and 
ecwkvrard measurement metiiod dictated by this clumsy mechanical construction with 
its force feedback airan g ement 

20 Intemet page document http://www.sensitcom/rain.htm describes a device for meas- 
uring the kinetic energy of raindrops. This measurement device has two pulse outputs 
that indicate: 

1) the number of raindrops (ou^ut pulse is delivered if the detected energy signal 
25 exceeds a predetermined limit value) and 

2) the kinetic energy of raindrops computed by integrating the output signal of the 
piezoelectric sensor of the device. 

Either one of these variables is dependent on both the mass and the velocity of the 
30 rain drop thus not being directly suitable for use as a rainfall rate indicator. 
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Furfhennore, the above-mentioned device does not incoiporate any con^utational 
intelligence inasmuch as it is inq)lemented using discrete conocponents alone. 

It is an object of the present invention to provide a novel type of rain detector 
5 enable of overcoming the problems of the prior-art technology described in the 
foregoing. 

The invention is based on the concept of detecting rainfall and its type by means of 
an acceleration or force sensor that is rigidly mounted on the device case. Respec- 

10 tively, the methiod according to the invention is based on analyzing the output signal 
obtained from the force sensor as to the shape of output signal pulse generated by 
each raindrop or haU particle individually thus being capable of determining the 
volume of tiie impinging raindrop or counting the number of raindrops per time xmit 
or, alternatively, categorizing the rain&U as hails. The total amount and intensity of 

15 rain is then determined from the measurement data of the individual raindrops or 
counted number of raindrop impacts per time imit The computational algorithm 
disclosed herein nmy be carried out using only the raiiidrop count data or o^^ 
data representing the raiiuhrop size parameter values or both. 

20 Furthermore, also the raindrop size distribution maybe determined from die meas- 
urement data recorded individually for each raindrop. 

According to the invention, wind-related error in die amount and intensity of rain 
may be corrected with the help of a separate wind error correction algorithm. 

25 

The invention is frirther characterized in that one or more characteristic parameters, 
which is/are dependent on the size of one or more raindrops in the signal repre- 
senting the overall amount of raindrops and/or a single raindrop, is/are used for 
compiling a signal parameter that is proportional to the total volume of the detected 
30 raindrops, whereby the summing of the latter signal paiamet^ values makes it 
possible to confute the total amount and intensity of detected rainfrdl. 
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According to a prefexied embodiment of the inventioxi, the parameter confutation is 
integrated with the detector construction so that its output signal is directly propor- 
tional to the total amount and/or intensity of precipitation. 

5 More specifically, the precipitation detector according to the invention is character- 
ized by what is stated in the characterizing part of claim 1. 

Furthermore, the method according to the invention is characterized by what is stated 
in the characterizing part of claim 11. 

10 

The invention offers significant benefits. 

Rrstly, the precipitation detector according to the invention is firee firom any moving 
parts. In its basic version, the detector has no collection vessel or fimnel needing emp- 
1 5 tying or cleaning, no clogging parts or prop^isity to error due to adherence or evapora- 
tion of collected rainwater. Whilst operating in the same principle as a mechanical 
distrometer, the detector fisatures a very simple and cost-e£Bcient construction. 

Secondly, the detector according to the iavention uses only a single sensor system to 
20 detect, not only the total amount of rainfall, but also rain&ll intensity and to identify 
hails in precipitation. 

A preferred embodiment of the invention facilitates conipensation of measurraient 
errors due to wind. 

25 

In the following, the invention will be examined with the help of exenq>lifying 
embodiments illustrated in the appended drawings in which 

FIG. 1 is an e}q>loded view of a detector according to the invention; 

30 

FIO. 2a is a longitudinally sectional side elevation view of a second embodiment of a 
detector according to the invention; 
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FIO. 2b is a longitudinally sectional top view of the detector embodiment of FIG. 2a; 

FIG. 3 isagraphiUustratingtheimpulseof a£dlingi^ 
5 to the invention; 

FIG. 4 is a plot illustrating a calibration curve used in the invention; 

FIO. 5 is a gmph illustrating the impulse of a falling hail in a system according to the 
10 invention; 

FIG. 6 is a view of a precipitation detector according to the invention equipped with 
a wind measurCTient device; 

1 5 FIG. 7 is a graph illustrating the effect of wind on the precipitation measurement; and 

FIG. 8 is a graph illustrating the outcome of wind correction in the measurement 
results. 

20 As mentioned above, the invention relates to tiie measurement of total amount of 
precipitation, distribution of hydrometeor size and intensity of precipitation. Next, 
the definitions of these variables are given below. 

Total amo unt of Tainfall (also called the cumulative rainfall) 
25 Vertical height of rain&U colun[m on a flat-bottom vessel. Standard imit is mm 

Rainfall intprigity 

Total amount of rainfall per time unit. Standard unit is mm/h. 

30 Raindrop size distribution 

Number of raindrops in a given droplet size fraction suspended in unit volume of air. 
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Accordingly, the goal in the measmement of total amount of rainMl is to detennine 
the total volume of raindrops detected per horizontal unit area. 

Prior-art measurement technique of kinetic energy of raindrops is based on summing 
5 the kinetic energies B m of the individual raindrops. 

Now referring to FIG. 1, the precipitation detector 1 shown therein comprises a 
detector sur&ce 2 whereon hydrometeors such as raindrops and^or hails impinge, a 
detector 3 serving to detect the energy pulses of raindrops impinging on the detector 
10 surfece 2, complemented with measurement electronic circuitry 4 and a computa* 
tional algorithm that in combination are capable of coiiq>uting rainfall intensity 
(mm/h) and cumulative rainfall (mm). 

The detector surface 2, which acts as the impact-receiving sur&ce for the falling 
1 5 raindrops, is stiff and mounted on the detector case 5 . Mounting may be made entire- 
ly rigid or implemented with the help of an O-ring or the like resilient mounting 
adapter component Typically, detector 3 is rigidly mounted on the detector surface 
2. Conq)utation utilizes information recorded on die number of registered raindrop 
pulses and/or some other parameter of the detector output pulse known to be 
20 dependent on flie size of the impinging raindrop, such as the pulse anqilitude or the 
fuU-widfh at half maximum (FWHM) value of the pulse or a con:ibination of both. 

The detector surface 2 is made planar, plate-like or convex (domed) and shaped so 
that accumulation of water thereon is impossible. To make the mounting of detector 

25 3 easier, its mounting area on the detector surface 2 may be sh^ed planar. As a rule 
of design, the larger die area of the detector sur&ce the greater the number of 
raindrops impinging thereon and, hence, the smaller the statistical error in the com- 
puted value of cumidative rainfall. On the other hand, a large area of the detector 
sur&ce means that the number of raindrop impacts coinciding with each odier 

30 increases which means problems in the interpretation of the measured signals. In 

practice, a good conq)romise for the detector surface area has been found to be 20 to 
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ISO cm^. The detector may also be comprised of multiple units, each one of them 
equipped with an individual detector assembly. 

Detector 3 senses the deformation caused by the impinging raindrops on the detector 
5 surface. In a practicable constniction, detector 3 may be implemented using, e.g.,: 

— a force or acceleration sensor attached to the detector surface, or 

a pressure-sensitive filin covering the detector surface, such as piezoelectric 
PVDF polymer film or a layer of piezoelectric ceramic material. 

10 

In an ideal case, the re^Kinse of the system combination of the detector surface with 
the detector is such that the output pulse amplitude and waveform are independent 
firom the location of the raindrop in:q>ingement point, whereby the detector surface is 
homogenous. This is not crucial to the system function, because a nonuniform 
15 response only causes a random em>r in the measurement signal that can be 
eliminated by using a sufficiently long integration time. 

The computation of cumulative rainfall and intensity thereof on the basis of the 
signal information recorded for the individual pulses can be implemented in plural 

20 different ways. Whilst the simplest technique is to count the number of raindrops 
only, the accuracy and reliability of detector response can be improved by way of 
additionally utilizing other information conveyed in the waveform of the detector 
output pulses (e.g., pulse amplitude or the half maximum pulse width). Herein, 
confutation is advantageously carried out with the help of digital signal processing 

25 techniques and a microprocessor. 

In FIGS. 2a and 2b is shown an altemative embodiment of detector 1 of FIG. 1 . The 
detector 1 is constructed into a c;^]ndrical case, whose cover 2 is a sli^tly convex 
metal disc acting as the detector surface made from, e.g., 1 mm thick stainless sheet 
30 steeL The cover 2 is rigidly connected at its rim centrally on the detector case 5 and 
further has moimted by ^ueing or soldering on its underside a piezoelectric ceramic 
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elCTient 3. The piezoelectric element is a disc made fipom a piezoelectric ceramic 
material that is metallized on its both sides so that its two contact electrode areas are 
located on the opposite sides of flie disc-like element In this application the pirao- 
electric element 3 acts as a force sensor detecting tiie impacts of hydrometeors. The 

5 electrodes of piezoelectric element 3 are coimected to an electronic anoplifier 4 that is 
located in the interior of the detector case. The amplified measurement signal is 
taken to the computing means over a cable passing through the bottom 8 of the detec- 
tor case. Alternatively, the entire measurement and coroputing electronics circuitry 
may be fitted into the device case, whereby the detector output can be a digital or an 

1 0 analog signal representing the cumulative rainfall and/or the intensity of rainfall. 

When hitting the detector surface 2, the raindrop inflicts thereon a force that is 
further transmitted to the piezoelectric element 3 and is subsequently identified as a 
voltage pulse generated over the elmient The material and dimensions of detector 
1 5 cover 2 are selected such that the resonant vibration evoked by the impacting 

raindrop is attenuated r^idly. In this construction^ the waveform of tiie output pulse 
is as shown in FIG. 3. 

The voltage pulses delivered by piezoelectric element 3 are filtered, aniplified and 
20 analyzed as to their selected parameters related to the raindrop size before storage in 
the memory of the ijrocessor system performing final computations. 

A number of different techniques can be used for computing rain&U intensity and 
cumulative rainfall firom the gathered measmrement data. 

25 

Next, two feasible methods are described. 
Method 1 

30 Computation is carried out using a fixed measurement cycle time increment, typical- 
ly selected to be in the range 1 - 10 minutes. OuQ>ut pulses detected during the 
measurement cycle are analyzed for parameters Xj (which may include the full-width 
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at half maximum value of the pulse (wvO> peak-to-peak voltage (Vr,), the overall 
number of pulses or any other parameter characterizing the output pulse, or a com- 
binatioa of the selected parameters) and the analyzed values are stored in the proces- 
sor memory. At the end of each measurement cycle, an estimate on the incremental 
5 value AP of cumulative rainfall detected over the cycle may be computed using an 
equation: 

AP.= f (m, Xii, ... , Xin, X21, •«< , X2a, — Xmi, ... , Xmn) (1) 

10 where 

m = number of raindrops detected during a measurement cycle 

n = number of pulse-characterizing parameters used in computation, and 

Xij ^ value of pulse parameter j in the output pulse detected for raindrop i. 

16 

The values of j may be selected, e.g., as follows: 1 = half-maximum pulse width 
(wvO, 2 = peak-to-peak volta^ (Vpp), 3 = number of pulses, 4 = other parameter 
characteristic of the output pulse, 5 = a combination of the aforraientioned. The half- 
maximum pulse width value wh of the pulse refers to tiie fiill-width at half maximum 
20 (FWHM) value of a positive pulse waveform (= VnaO- 

Function f represents the e^erimentally determined dq)endence of the measured 
pulse parameters on tiie rainfall variables. 

25 Cumulative rainfall P is obtained summing the incremental rainfall values of succes- 
sively recorded measurement cycles. The average intensity R of rainfiill during a 
measuranent cycle can be computed &om equation: 

R = AP/t (2). 

30 

This method is particularly useful for simultaneous measurement of the amount and 
intensity of rain&lL 
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Metfaod2 

In ibis method, confutation is perfonned out in real time so that the process begins 
5 on the detection of the first raindrop. Each detected raindrop is analyzed for param- 
eters Xj (\\duch may as shown in FIG. 3 be the half-maximum pulse width W14, peak- 
to-peak voltage Vpp, peak voltage Vmax, minimiini voltage Vmin, number of pvdses or 
any other parameter characterizing the output pulse, or a combination of the selected 
parameters), whereupon the cumulative rain£dl P is computed from equation: 

10 

P = Si[f(Ati,Xii,,..,XiO] (3) 

where index i = 1,2,... refers to die mdividual raindrops detected during the measure- 
ment cycle, Ati is the time interval between the detected raindrop and the preceding 
15 one, and function f represents the e^qperimentally determined dependence of the 
measured pulse parameters on the raindrop volume. 

This method makes it easy to implement a detector with a pulse ou^ut wherefrom a 
single pulse is delivered at the instant the amoimt of cumulative rainfall has grown 
20 large enough to exceed a predetermined threshold. Then, the detector output is 
identical to prior-art rain detectors of the tipping-bucket type, whereby it can be 
connected directly to data collection equipment most commonly used in weather 
station installations, 

25 The accuracy of the rain detector and the computational method described above is 
crucially dependent on the detector calibration accuracy. The calibration parameters, 
that is, die constants in Eqs. (1) and (3) are determined experimentally by conq)aring 
the detector response with an accurate reference detector under laboratoiy or actual 
field conditions using regression analysis tools, for instance. An exan^le of such 

30 calibration data is shown in FIG. 4. 
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Detection of hails is important on airfields, for instance. A prior-art device for this 
puipose is a hail detector comprising a metal plate with a microphone placed there- 
under. Hails are identified by the impingement soxmd they create. This type of hail 
detector is hampered by its sensitivity to ambient noise making it suitable for use 
5 only as complementary detector in optical measurement systems of ambient weather 
conditions as is described in US Pat No. 5,528,224. 

Next, a method is described suited for hail detection in a more reliable fashion and 
with reduced sensitivity to ambient noise. Hail detection may be incorporated as a 
1 0 supplementary feature to the above-described rain detector or, alternatively, it may 
be utilized in the construction of a detector intended for hail detection alone. 

Distinguishing hails fix>m raindrops is based on the &ct that the detector signals they 
produce are very different fiom each other. The impact of a solid object such as a 

1 5 hail on the detector surface is elastic, whereby firstiy the rate-of-rise of the output 
pulse is faster and, secondly, the pulse amplitude is higher than in a pulse generated 
by a raindrop . The third difference is found in that the hail impact excites the 
resonant frequencies of the domed detector cover 2, whereipon the domed cover 2 
continues vibrate after the impact The differences between various hydrometeors 

20 become clearly evident by comparing the detector output pulse of FIO. S generated 
by a solid hydrometeor particle with the detector output pulse wavefomi of FIG. 3 
generated by falling raindrop. 

The above-described rain detector embodiment is not sensitive to air-bome noise 
25 inasmuch as the detector element, in contrast to a hail-sensing microphone, is not 
directiy communicating with ambient air. 

The identification of hails may thus be based on the detection of a selected charact»- 
istic parameter of the detector output signal, such as the aniplitude, rise time or 
30 resonant frequency, or a combination of suchparametm. By using a combination of 
plural such characterizing parameters, the reliability of measurements is increased 
and the number of fidse detection results due to ambient noise are reduced. 
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Wind is a significant error factor in lain measurements performed using uiqjrotected 
detectors. Errors ranging from zero up to 30 % have been reported in die art The 
magnitude of the wind-related error is dependent on the wind vfelocity, rain intensity 
5 and type of precipitation. 

There have been proposed in the art a number of different kinds of error correction 
methods for compensation of the wind-related error. In a system performing the 
measurement of rainfall and wind data simultaneously within a confined area, it is. 
10 possible to reduce the effect of wind error on the measured value of rainfall intensity 
by applying a suitable correction algorithm. 

However, all conv^tional systems utilize wind data that has been measured at a . site 
clearly remote the site of rain data measurement This is because wind data is typical- 

15 ly measured at a hei^t of some meters above the ground, while rain measurement 
typically takes place substantially at the ground level thus being removed by at least 
several meters fix>m the wind sensor. Hence, the wind information to be utilized for 
wind-related error correction does not fully represent the actual wind condition at the 
rain&ll measurement site. FurthCTcnore, current methods do not operate in real time, 

20 but instead,^ information for wind error correction is obtained periodically delayed, 
typically being available in monthly, weekly, daily or 12-hour periods. 

Therefore, next is explained a method according to the invention that is capable of 
overcoming the disadvantages of the prior art described above. The method is 
25 generally characterized by the steps outlined below. 

For wind error correction, an algorithm is used enable using wind informa- 
tion ^theied dizectiy at the operating site of the rainfall detector or at least in 
a close vicinity thereof. Jn the context of this description, the temi ''close 
30 vicinity" must be understood to mean a distance of less than one meter fix>m 

the rainfall detector. Advantageously, the distance is less than 30 cm, i^ch 
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means that the wind sensor maybe readily integrated into one and the same 
measurement system, 
- The algorithm has a freely selectable time scale, hereby also real-time 
correction is possible. 
5 - The algorithm is suited for all rainfall sensor types irrespective of their 

operating principle. 

A general form of the wind mor correction factor is 

10 k = Rtr/R=f(w,R) (4) 

where Rtr is the actual amount of rain&ll, k is the error correction fector, w is the 
wind velocity, R is the measured amount of rain&ll and f is an experimentally deter- 
mined function e3q)ressing the dependence of the error correction &ctor on wind 
1 5 velocity and rain^ intensity. The time scale of error correction is defined to be 

compatible with the time intCTval needed for computing the values of variables R and 
w in Eq. (4). 

The corrected amount of rainfall is obtained by multiplying the measured amount of 
20 rainfall by correction factor k. The same correction technique can be employed in 
conjunction with other detector constructions, whereby the character of function 
f(w JR.) may obviously vary. 

In practice, the dependence of the error correction fector on the amount of rainfall R 
25 and wind velocity w expressed by function f(w,R) is determined experimentally by 
using two similar rainfEill detectors. In the test arrangement, one these detectors is 
placed in a site maxinoally effectively protected firom wind, whraeby its reading 
represents an amount of rainfall Rtr uncomq>ted by the wind error. Alternatively, the 
value of Rtr may be measured using a different type of rainfiill detector protected 
30 fi:om wind The other rain&ll detector is placed in a site subject to wind and, hence, 
its rain&U reading R is corrupted by a wind-related error. In a close vicinity of the 
latter rainfall detectorisplacedawindsensorthatmeasuresthe wind velocity w. As 
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a result, function f(w JR) written in Eq. (4) can be determined fiom the thus gathered 
experimental data using nonlinear regression analysis methods, for instance. 

As illustrated in FIG. 6, the system con^rises an ultrasonic wind velocity measure- 

5 ment system ad^ted about rainfall detector surface area. Typically, the system 
comprises three ultrasonic transmitter-receiver units 9 allowing the direction and 
strengtii of wind velocity to be determined on the basis of the sound propagation 
times between the ultrasonic transmitter-receiver \mits 9. This technology is 
described in more detail, e.g., in US Pat No. 5,343,744. Thus, this novel arrange- 

10 ment makes it possible to measure wind parameters practically in the same position 
with rainfall detection. In contrast, conventional weather stations have the rainfall 
detector located close to the ground level, while wind is measured at the height of 
several meters thus being remote in regard to the site of rainfall detection. Hence,.the 
embodiment of the invention disclosed herein is characterized in that the sites of 

1 5 wind and rain measurements are located as close to each other as possible, whereby 
both of these weather variably are measured substantially in the same position. In 
lieu of the ultrasonic method, also other techniques may be eniployed for wind 
measurement, e.g., thermal methods based on sensing temperature at the distal ends 
of elongated elements that are aligned substantially vertically, whereby the end of the 

20 measuring elenient facing wind is typically at the lowest temperature. 

In FIG. 7 are shown correction factor curves for different wind velocity classes. Each 
data point represents the amoimt of rainfall collected during a 10-minute measure- 
ment cycle. The correction curves are then fitted on the e:sperimentaUy gathered data 
25 using a nonlinear regression analysis method 

In FIG. 8 are shown respectively the corrected and uncorrected collective rain&ll 
values for two rain&ll detectors accumulated during a 10-day measurement period. 
The detectors used in the experiment were identical with the exception that one of 
30 them was mounted two meters above the ground tiius being subjected to wind while 
tiie other one was located at the groimd level in a site protected fix>m the wind. As 
compared with tiie readings of the ground-level detector, the detector placed two 
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meteis above the ground was found to give readings in which the measured 
collective rain&ll was systematically smaller due to wind-related error. Hence, the 
readings of the detector placed above ground need correction. Obviously, the 
correction algorithm discussed above can be used for inqyroving the measurement 
5 accuracy of detectors mounted above the ground level. 

The applications of the construction according to the invention may be further 
widened by complementing the system with a collecting-type rain detector. Herein, 
the system comprises two identical detectors, one of them having a collection funnel 
10 placed thereabove. The detector with the funnel could then provide rainfall informa- 
tion for low precipitation rates, too. This arrangement could also be employed for 
systCTi self-diagnostics, whereby clogging of the funnel, for instance, may be 
recogoized during periods of high precipitation rate as a smaller rainfall reading of 
the clogged detector. 



The funnel may be designed beatable. Then, a detector equipped with a heated funnel 
during a snow&U can provide information on the actual precipitation mte and the 
water value of the snowfall. 
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What is claimed is: 

1 . A precipitation detector (1) for measurement of piecq)itation paiameters, the 
detector (1) conqnising 

5 

- a frame (5), 

- a substantially stiff surface (2) mounted on the frame (5) and adapted to 
receive hydrometeors, and 

- detection means (3) for converting the impact impulses of hydrometeors 
10 into an electric signal, 

charaeterlzed in that 

- said sur&ce (2) receiving the impact of the hydrometeors is at least partially 
15 convex, and 

- said detection means (3) are permanently coimected to said surface (2) 
receiving the impact of the hydrometeors. 

2. The precipitation detector of claim 1, characterized in that in the immediate 

20 vicinity of the precipitation receiving surface is adapted a wind measurement system 
(9). 

3. The precipitation detector of any one of foregoing claims, characterized in that 
the number of sensors (9) in said wind measurement system is three. 



25 



4. The precipitation detector of any one of foregoing claims, characterized in that 
said sensors (9) are ultrasonic sensors capable of measuring the propagation delay of 
sound. 



30 



5. The precipitation detector of any one of foregoing claims, characterized in that 
said wind sensors (9) are Ifaennal wind velocity sensors. 



wo 03/027720 



PCT/FI02/00760 



17 

6. The precipitation detector of any one of foregoing claims, characterized in that 
said precipitation receiving surface (2) is a domed surface. 

5 7. The precipitation detector of any one of foregoing claims, characterized in that 
the top surface of said precipitation receiving surface (2) is planar. 

8. The precipitation detector of any one of foregoing claims, characterized in that 
above said precipitation receiving surfece (2) is adapted a collection means such as a 

10 funnel. 

9. A precipitation detector system, characterized by comprising two detectors of 
the iririH disclosed in any one of foregoing claims, one of the detectors being 
equipped with a prec^itation collecting funnel. 

15 

10. The system of claim 9, characterized in that the precipitation collecting funnel 
is adi^ted beatable. 

11. A method for measuring the parameters of preciiritation, the method comprising 
20 the st^s of 

— measuring precipitation at the level of individual hydrometeors, 

— counting the number of hydrometeors, and 

— compiling precipitation rate information from the measurement data 

25 collected at the level of individual hydrometeors that are recorded from flie 

elastic deformation of a detector surface (2) under the impacts of said 
individual hydrameteors, 

characterized in that 
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— fhe sigoal parameter iafonnation of tiie individual impacts or the mimber 
hereof per time unit is used in the detennination of precipitation intensity, 
total amount of precipitation or analysis of hydrometeor size distribution in 
precipitation. 

5 

1 2. The method of claim 1 1 , characterized in that each one of the individually 
recorded impact signals is processed to con^ile at least one parameter or a combina- 
tion of parameters responsive to the size of said hydrometeor in order to determine 
the precipitation intensity, total amount of precipitation or hydrometeor size distribu- 

10 tion in precipitation. 

13. The method of claim 11 and/or 12, characterized in that said deformation detec- 
tion means (3) is constructed into a separate structure that is connected to the surface 
(2) of the precipitation detector. 

15 

14. A method for measuring the parameters of precipitation, fhe method comprising 
the steps of 



- measuring precipitation at the level of individual hydrometeors, and 
20 - compiling precipitation rate infonnationfix>m the measurraient data 

collected at the level of individual hydrometeors. 



characterized in that 

25 - precipitation rate is measured utilizing the elastic deforination of a (^stector - 

sur&ce under the inq>act of hydrometeors, and 
- categorization of hydrometeors into hails is based on the signal information 
related to tilie individual hydrometeors. 



30 



1 5. The method of claim 14, characterized in that deformation detection means (3) 
is connected in an integrated £ishion to the sur&ce (2) of the precipitation detector. 
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1 6. The method of any one of foregoing claims, characterized in that wind is 
measured at least substantially in the same position witii the precipitation rate 
measurement system. 

5 

17. The method of any one of foregoing claims, characterized in that wind is 
measured using an ultrasonic technique. 

18. Themethodof any one offoregping claims, characterized m that wind is 
10 measured usmg a thermal technique. 

19. The method of any one of fc»:egoing claims, characterized in that precq>itation 
is measured using an at least substantially similar detector equipped with a collecting 
funnel and the measurenient result is obtained as a combination of the data recorded 

15 by both detectors. 

20. A method for measuring the parameters of precipitation, tiie method serving to 
detect the precipitation intensity, total amount of precipitation or hydrometeor size 
distribution in precipitation, 

20 

characterized in that 

- wind is measiired at least substantially in the position with the precipitation 
measurement system. 

25 

21 . The method of claim 20, characterized in that the detected value of precipita- 
tion intensity, total amount of precipitatiQn or hydrometeor size distribution in 
precipitation is corrected on flie basis of the measured wind velocity. 

30 22. Themethodof claim 20 or 21, characterized in that said con»:tion is iiiade in 
realtime. 
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23. The mefhod of claim 20 or 21 or 22, characterized in fhat said precq)itatioii 
measurement is performed using a system disclosed in any one of detector claims 
1-10. 
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Fig. 2b 
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Fig. 6 
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Schematic samnle of a calibration noint 
3S| " ' I ■ ■ I-- " — I I I 
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Fig. 4 
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